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Abstract 
The recent developments of the RIKEN 10 GHz 

ECRIS and the 8 GHz NEOMAFIOS is described. We 
upgraded the performance of the 10 GHz ECRIS by 
modifying the first stage into the plasma cathode method. 
As a result, beam intensities produced not only from 
gaseous elements but also from solid materials are 
increased. Up to now, 47 kinds of ions were successfully 
extracted from the NEOMAFIOS. Recently Li, B and F 
ions are produced from solid rods of B and LiF. 

I. INTRODUCTION 

The RIKEN 10 GHz ECRIS has been operated 
since 1989 as an external ion source of the AVF cyclotron 
and many kinds of ions have been successfully extracted 
and accelerated up to now. Furthermore several 
developments have been done, i.e., coating method[!]. 
biased electrode[2,3] and plasma cathode method[4]. 

For upgrading the RILAC performance , an 8 GHz 
NEOMAFIOS has been ordered to CENIRF( Grenoble, 
France) as a new ion source of it. The NEOMAFIOS was 
tested in 1990 and the beam service for users was started 
from 1991. Up to now many kinds of beams , not only 
gaseous elements but also meLallic ions, have been extracted 
and accelerated stably.[5] 

In this paper, we report the recent status of the 
RIKEN ECRIS's. In section II, the recent development of 
the RIKEN 10 GHz ECRIS (plasma cathode method) is 
presented. In section III , the status of the NEOMAFIOS 
are described. Especially, new ions such as Li ,B ,and F 
ions are extracted recently. The detail of this method is also 
presented in this section. 

II. RUffiN 10 GHz ECRIS 

In order to increase the beam intensity of highly 
charged ions, we used so-called plasma cathode method. 
The design and preliminary performance are described in 
ref. 4. The first stage was isolated electrically from the 
second stage. The accelerating electrode which has a central 
hole (10 mm) was placed in front of the first stage to extract 
the electrons from there efficiently. A negative bias voltage 
is supplied between the first stage and the electrode. Figure 
1 shows the results for gaseous elements. Open and closed 
circles are the best results without and with using the plasma 

cathode method. The gas pressure of the second stage is 
almost one order of magnitude lower than that without using 
this method[4]. This is a great advantage to reduce the 
consumption of gas when using expensive gases like 36Ar. 
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Fig. I Charge state distributions for gaseous elements. Open 
and closed circles are the best results without and with using 
the plasma cathode method, respectively. 

Recently we tried to produce metallic ions using 
this method. To produce Mg, AI, Ni and 'Zr ions, we used 
ceramic rods of MgO, Al20 3, NiO, and ZrO. These ceramic 
rods are inserted into the plasma region through open space 
between poles of the sextuple magnet in the second stage 
and heated to obtain the sufficient vapor pressure. Figure 2 
shows the result of the metallic ions. Open and closed 
circles are the best results without and with using this 
method. The beam intensities of highly charged ions are 
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remarkably enhanced. This is due to the increase of the 
electron density and electron temperature. [4] 
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Fig.2 Charge state distributions for metallic ions. Open and 
closed circles are the best results without and with using the 
plasma cathode method, respectively. 

II. 8 GHz NEOMAFIOS 

The 8 GHz NEOMAFIOS is used as a new ion 
source of the Rll.AC. The results on the test bench and 
preliminary performance on the high voltage terminal of 
RILAC was already reported in ref.S. 

Recently we successfully produced Li, B, and F 
ions using solid rods. To produce B ions, we tested the two 
materials: BN and B. When we used a rod of BN, the 
vacuum of the plasma chamber becomes worse due to 
outgasing from the BN and then we could not obtain 
enough current from the ECRIS. In order to produce F 
ions, we used a LiF rod • Until then, the SF6 gas had been 
used to produce F ions. Figure 3 shows the beam intensity 
of F ions for each charge state compared to that produced 
from SF6• The beam intensity ofF ions produced using a Lif 
rod is remarkably larger than that using SF6 gas. 

The ions produced with the RIKEN NEOMAFIOS 
are listed in Tablet. Foty-seven kinds of ions are 
successfully extracted from it. In this tabie, inverted 
numbers represent the ions accelerated by the RILAC and 
used for experiments. 
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Fig3 Charge state distributions ofF ions. Open and closed 
circles are the best results when using SF6 gas and a LiF rod, 
respectively. 
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Table 1. Ion currents from the RII<EN NEOMAFIOS. 

Ion Currents from ECR Ion Source ./1 A Jun 17 ,1993 

!Isotope Gas Charge State Remarks 

1~+12+ia+IHis+ls+l7+1a+fD+IIo+fn•fiz+fia+IH+IIs+ils+l17+[1a+iiD+~+~I+~+~+ 

20Ne Ne,He[215Eilll82lilil [6.5[1.7 

7Li He [106[7.2 [UF.•••.rod 
n B He 1.112.212.3 ;o.s a. #U 

4BTi 0. 15.2 llil 114 [6.5[4.4 .0.3 ~ 

58Ni He.o, 4[4.6.16 a m1419m a 1.1 o.a[o.a NI.H2roclsiNIO 

asy He 5.4 3.1 2.6 3 14.5 6.617.5 5.6 1.1 YA<•4.rod 
oozr o, 1 1.711.912.6 4.214.5 5 6.5 2.6 o.a Zr, ,.,-;.:;-

93 Nb O, ll i 19 123 13 19.5 7 7 7 5 3 1.7 0.6 Nb. n. rod 
98Mo O, 13.8 5 3.5 3 0.7 -~·;;,.;· 

1103 Rh 0. 0.5 1.212.3 [4.115.2 8.1 18.9 9.2 8.9 5.7 2.1 I 0.7 Rid I. rod 
1101 Ag He 1.2 , 2.615.2 18.418.7 9 17 '~ 'o H 1 ~ 11.2 0.9 0.4 .A&. #&rod 
II15ln o, Ito I21[31[24122II6It4lul7.sl5.3l4.5 3 2 l1.2[o.slo.2 ~~ 

1152 Sm O, I 0.4 I O.Bil.3ll.8 14.7 15.1 l!lill!m 5.314.9 13.612.4 ~ ,;,;; 

l~o, Ho,O, ''"'" l<>l"'§'ili51ul••l"-" "'··~· 11ssHo 0. I0.7jl.2 12.515.3 6 5 I3.9I2.Sit.slo.s 10.2 '""' H rod 
lt68 Er He,O. 2 I 3 14.3 In 1Ft 9.5l7:..:.:.t-=.7ls.=-=-i 1lf.=+ 4.11=!--1.9-+--4-~1&.1=:-i...:.;--.:-:..::~=------! 
li80Hf Q, 212.513.7 17.6 14.3 3 11.3 1 10.5 IHU2.rod 
I tat Ta o. las talt9lt9 lt4ltz 15.5 s 14.3 3 2 ll.i lo.s r~;;;;~ 
llMW 0. lo.9 ti1AI1.7Iz.4 4 3 lt.5I0.9I0.5I0.2 lw.Hrod 
1181Re o, 14.8 1 lnltzlula.a l4.tl4.3la.sl2.3lt.a 1 lo.6lo.3 1 .... #I, rod 
ll93lr 0. [2.919.21 11 18.516.5 15.414.813.5 11.710.910.510.210.1 IIr. I• L rod 
l!!T_Au o, 114 119 111 114 110 6 ~ l~ 1-=+ 2.61=+= 1.51 o~.al o.:.:..J41-=+ o.a-+--+-r-4.:...:· ,..=-=, crudblo=--1 
1208 Pb o. 11.1 lt4 11a In 16.3 11.1 1 ro.sro.31o:i ~ 
I208Bi He 13.3 18.3110 m 7.615.6 12.311.410.910.5 rRiD I#• ,To auclbloiiiiO, 
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